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(54) PRODUCTION OF CATALYST FOR COMBUSTION 

(57)Abstract: 



PURPOSE: To obtain a catalyst having high thermal resistance, usable for a long time by covering the surface 
of a refractory inorg. carrier with priory prepared lanthanum aluminate and then depositing noble metal 
components thereon. 

CONSTITUTION: The surface of a refractory inorg. carrier such as alumina, cordierite, etc., is covered with 
pnorly prepared lanthanum aluminate. Then this body is made to carry noble metal components such as 
platinum and paradium. By this method, the effect of addition of lanthanum compd. on improvement of thermal 
resistance of the noble metal catalyst can be effectively realized. Thus, the obtd. catalyst is highly heat 
resistant and usable for a long time under temp, condition about <1000° C, which is suitable for exhaust gas o 
automobile and combwstion of hardly combustible fuel. 
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2. Claims 

(1) A process for preparing a combustion catalyst containing 
refractory inorganic carrier such as alumina (A1 2 0 3 ), cordierite 
(2MgO-2Al 2 0 3 -5Si0 2 ), and mullite (3Al 2 0 3 -2Si0 2 ) as a first component, 
lanthanum aluminate (LaA10 3 ) as a second component, and at least one 
kind noble metal selected from platinum (Pt) and palladium (Pd) as a third 
component, comprising adding lanthanum aluminate prepared in advance 
to a refractory inorganic carrier as a first component to cover its surface, 
then, making the noble metal component to be carried therein. 

(2) A process for preparing a combustion catalyst containing a 
refractory inorganic carrier as a first component, lanthanum aluminate as a 
second component, and at least one kind noble metal selected from 
platinum and palladium as a third component, comprising making the noble 
metal component to be carried in lanthanum aluminate prepared in advance, 
and covering this on a surface of a refractory inorganic carrier as a first 
component. 

(3) The process for preparing a combustion catalyst according to 
claim (1) or (2), wherein lanthanum aluminate is prepared by reacting a 
alumina and a lanthanum compound. 

[Action] 

The previous invention is to obtain an alumina carrier excellent in 
heat stability by adding a lanthanum compound to transforming alumina 
such as y, 6 and 5 having a high surface area, and firing this, and make a 
carrier component to be carried. In this method, since various reaction 



products between lanthanum and alumina are produced by being dispersed 
in a carrier, a noble metal which is a catalyst component is non-selectively 
carried on alumina or an alumina-lanthanum reaction product as shown in 
Fig.l. That is, although in the previous catalyst, a noble state carried on 
lanthanum aluminate is highly active and is highly heat resistant, other 
noble metal is not improved in heat resistance, and a catalyst can not be 
used at a high temperature of 700 to 1,000°C for a long term. 

The present invention pays an attention to the fact that a compound, 
lanthanum aluminate is a substance is a causative substance for enhancing 
heat resistance and activity of a carried noble metal catalyst, and is to 
extract performance of a catalyst maximally by selectively making a noble 
metal component to be carried on the compound. A noble metal 
component carried on lanthanum aluminate causes electric interaction with 
La. That is, transference of an electron from La to a noble metal 
component is generated, thereby, a noble metal exhibits the reduced state, 
and it is thought that this is stably retained. 

In the catalyst of the present invention, as shown in Fig.2, since 
lanthanum aluminate carrying a noble metal is dispersed on a refractory 
inorganic carrier and covers its surface, high activity and high heat 
resistance can be realized. In particular, a method of using a alumina 
when the lanthanum aluminate is obtained is excellent as an economic and 
handy method. Since a alumina is stable and has an extremely small 
surface area of 10 m 2 /g or smaller, when it reacts with a lanthanum 
compound, it is thought that quantitative relationship between La and Al 
becomes advantage for obtaining lanthanum aluminate (La:Al=l:l). That 
is, when an alumina raw material which has a high surface area and is 



active is used, an amount of Al around La becomes greater than an 
equivalent amount, and a possibility that a byproduct such as lanthanum [3 
alumina (I^CVll A1 2 0 3 ) is produced, is increased. To the contrary, when 
a alumina having a small surface area is used as an alumina raw material, 
an amount of Al around La becomes near an equivalent amount, and 
lanthanum aluminate is easily produced selectively. Further, an 
advantageous point when a alumina is used is that, even when unreacted a 
alumina remains, since its surface area is extremely small, this can be 
neglected. That is, a noble metal carried on a alumina which is inactive 
and has a small surface area is only a negligible amount, and a useless 
noble metal component is suppressed as much as possible. The 
characteristic of the present invention is to conversely utilize the 
characteristic of a alumina which was said to be inactive and be not 
preferable as a raw material for a catalyst carrier previously. 
[Example] 

As a refractory inorganic carrier used in the present invention, 
alumina and cordierite can be used, carriers having as large surface area 
and pore volume as possible are preferable, and it is desirable that a 
specific surface area is 60 m 2 /g or more, and a pore volume is 0.1 ml/g or 
more. 

In order to obtain lanthanum aluminate, an aluminum compound 
and a lanthanum compound are reacted. Thereupon, as an aluminum 
compound, transforming alumina such as y,Q and 5, and aluminum nitrate 
can be used, and a method of a alumina is preferable for the above reason. 
As a alumina, a alumina having as high purity as possible, and as small 
particle diameter as possible is preferable, and it is desirable that a purity is 



90 % or more, and a particle diameter is 3\im or smaller. In addition, it is 
preferable to use a coprecipitation method or an alkoxide method since 
lanthanum aluminate having high uniformity and a small particle diameter 
can be obtained. As a raw material for lanthanum, lanthanum nitrate 
(La(N0 3 ) 3 ), and lanthanum acetate (La(CH 3 COO) 3 ) can be used. 

In order to obtain lanthanum aluminate, an aluminum raw material 
and a lanthanum compound are mixed, the mixture is heated and fired to 
react them. Thereupon, it is preferable that a firing temperature is 
1,100°C or lower. When the temperature is higher than this temperature, 
crystal growth of lanthanum aluminate is remarkable, a surface area of a 
catalyst is reduced, and it becomes impossible to disperse a noble metal 
component insufficient. 

After a catalyst component is made to be carried, a conventional 
process can afford a catalyst, and in order to fix a noble metal component 
on lanthanum aluminate firm, it is preferable that firing is performed at a 
temperature of 400 to 800°C. 

In order to make lanthanum aluminate alone or lanthanum 
aluminate carrying a noble metal component to be dispersed and carried on 
the refractory inorganic carrier, a wet-kneading method is effective. 
Thereupon, it is preferable that a particle of lanthanum aluminate is as 
small as possible, and it is desirable that an average particle diameter is 
l|Lim or smaller. 

When a catalyst is actually used, a shape of a refractory inorganic 
carrier suitable for use condition can be selected, such as particulate, pillar, 
ring-like, plate-like, fibrous and honeycomb shapes. On this refractory 
inorganic carrier, a refractory inorganic carrier including alumina having a 



high specific surface area may be further coated in advance, and lanthanum 
aluminate may be coated thereon. 

Then, the present invention will be explained in detail using 
specific Examples. 

Example 1 

40 g of aluminum nitrate and 60.9 g of lanthanum nitrate were 
dissolved in 500 ml of distilled water, and 28 % aqueous ammonia was 
added while vigorously stirring, to produce precipitates. The precipitates 
were heated, and evaporated to dryness, then, this was dried at 120°C for 
24 hours in the air. The resulting powder was fired at 1,000°C for 2 hours 
in the air to obtain lanthanum aluminate. This was wet-ground with a ball 
mill for 24 hours to an average particle diameter of 0.5 jxm, and dispersed 
well in 500 ml of distilled water. To this was added 110 g of y alumina 
having an average particle diameter of 3\im and a specific surface area of 
160 m z /g, this was stirred for 1 hour, and heated to evaporate water, to 
make lanthanum aluminate to be carried on a surface of the y alumina. 
This powder was fired at 600°C for 5 hours in the air, to form a layer for 
covering lanthanum aluminate on a surface of the y alumina surface. This 
powder was wet-ground with a ball mill for 24 hours to an average particle 
diameter of 0.5 |im, and a moisture was suitably degraded, followed by 
stirring to obtain a 50 % slurry. To this slurry was added 100 ml of an 
aqueous solution of ammineplatinum (II) nitrate (Pt(NH 3 )4(N0 3 )2) which 
had been prepared to an amount of platinum carried on a catalyst of 1.0 
wt%, and this was heated, kneaded, and evaporated to dryness. The 
resulting powder was dried at 120°C for 4 hours in the air, fired at 550°C 
for 2 hours, and suitably ground to obtain a 10 to 200 mesh particulate 



catalyst carrying platinum (platinum carrying amount 1 wt%). 
Example 2 

According to the same manner as that of Example 1 except that 40 
g of aluminum nitrate was changed to 20 g of a alumina (easily sintering 
alumina AES- 11 manufactured by Sumitomo Aluminum Refinement), and 
lanthanum aluminate was obtained by a kneading method in place a 
coprecipitation method, a particulate catalyst was obtained. 

Example 3 

40 g of aluminum nitrate and 60.9 g of lanthanum nitrate were 
dissolved in 500 ml of distilled water, and 28 % aqueous ammonia was 
added while vigorously stirring, to produce precipitates. The precipitates 
were heated, and evaporated to dryness, and this was dried at 120°C for 24 
hours in the air. The resulting powder was fired at 1,000°C for 2 hours in 
the air to obtain lanthanum aluminate. This was wet-ground with a ball 
mill for 24 hours to an average particle diameter of 0.8|a,m, and water was 
suitably added, followed by stirring to obtain a 50 % slurry. To this slurry 
was added 100 ml of an aqueous solution containing 2.59 g of 
tetraammineplatinum (II) nitrate, and this was stirred for about 1 hour, and 
fired at 550°C for 2 hours in the air to make platinum to be carried and 
fixed on lanthanum aluminate. This powder was wet-ground with a ball 
mill for 24 hours to an average particle diameter of 0.5 \xm or smaller, and 
this was added to 500 ml of distilled water to be dispersed well. To this 
was added 110 g of y alumina having an average particle diameter of 3^im 
and a specific surface area of 160 m 2 /g, and this was stirred for 1 hour, 
heated, evaporated to dryness, and fired at 120°C for 24 hours in the air. 
Then, this was fired at 550°C for 2 hours to make lanthanum aluminate 



carrying platinum to be carried and fixed on the y alumina. This was 
suitably ground to obtain a 10 to 20 mesh particulate catalyst. 
Example 4 

According to the same manner as that of Example 1 except that 100 
ml of an aqueous solution of tetraammineplatinum (II) nitrate was changed 
to 100 ml of an aqueous solution of palladium nitrate (palladium content 
4.0 g), and a temperature for firing a catalyst was changed from 550°C to 
700°C, a catalyst was obtained (palladium carrying amount 3 wt%). 

Example 5 

According to the same manner as that of Example 3 except that 100 
ml of an aqueous solution containing 2.59 g of tetraammineplatinum (II) 
nitrate was changed to an aqueous solution of palladium nitrate containing 
4.0 g, and a firing temperature when a noble metal component is made to 
be carried and fixed on lanthanum aluminate was 700° C, a catalyst was 
obtained. 

Comparative Example 1 

100 g of y alumina used in Example 1 was added to 500 ml of an 
aqueous solution containing 53.6 g of lanthanum nitrate, and this was 
stirred well for 1 hour, and heated to evaporate to dryness. Then, this 
mixture was fired at 900°C for 2 hours in the air to obtain a catalyst 
carrying powder having a specific surface area ofll0m 2 /g. This was 
wet-ground with a ball mill for 24 hours to an average particle diameter of 
0.5 \im, and water was suitably added, and this was stirred to obtain a 50 % 
slurry. Hereinafter, to this slurry was added an aqueous solution of 
tetraammineplatinum (II) nitrate as in Example 1, and a 10 to 20 mesh 
particulate platinum carrying catalyst (platinum carrying amount 1 wt%) 



was obtained via steps of heating and kneading, evaporation to dryness, 
drying and firing. 
Comparative Example 2 

According to the same manner as that of Example 4 except that a 
catalyst carrying powder obtained in Comparative Example 1 was used, a 
particulate catalyst having a palladium carrying amount of 3 wt% was 
obtained. 
Test Example 

In order to assess heat resistance of catalysts of Example 1 to 5, and 
Comparative Examples 1 and 2, a combustion reaction test of carbon 
monoxide was then performed under the indicated condition. Heat 
resistance of a catalyst was determined by an extent of activity reduction 
after heat treatment at 1,000°C for 30 hours in the air relative activity 
immediately after preparation of a catalyst (initial activity). 

Catalyst: 10 to 20 mesh particulate catalyst, 2 cc 

Reaction tube: Pyrex glass tube having inner diameter of 20 mm 

Gas composition: CO 3,500 ppm 

0 2 17 % 
(Air base) 

Gas flow rate: 7.12 1/min 

Space velocity: 105,000 h" 1 

In addition, before initiation of a combustion reaction test, aging 
was performed at 200° C for 2 hours in the dry air. 

The resulting results are shown in Table 3. In addition, Fig. 4 is to 
plot a temperature at a catalyst layer inlet at a carbon monoxide combustion 
rate of 50 % between an initial stage and after heat treatment at 1,000°C for 



30 hours, for the purpose of comparing performance of a catalyst. It is 
seen that in the catalyst of the present invention, reduction in a temperature 
at a catalyst layer inlet at a combustion rate of 50 % is small as compared 
with the previous catalyst obtained in Comparative Example, and heat 
resistance is further excellent. 
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